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CHAPTER I
INTRODUCTION AND REVIEW OF THE LITERATURE
Hoarding or hoarding behavior refers to the active
storing and accumulation of food or other objects by an
animal.

Hoarding is often experimentally defined as the

act of transporting food or objects, from some area outside
the Ss home cage, back to the home cage.

A typical hoarding

experiment involves manipulation of an independent variable
(e. g., amount of food deprivation, previous experience,
early experience, strain of rat .• choice of hoarding material},
followed by measurement of the number of food pellets or
objects hoarded during daily 30 min. hoarding trials.

A

hoarding trial involves allowing the subject access to the
hoarding material by means of an alleyway attached to its
home cage.

~s

th'en have an allotted amount of time (e.g.,

30 min., 24 hrs.) in which to transport the hoarding material
to their home cages.

To insure hoarding will take place,

Ss are often food deprived prior to the first of a set of
hoarding trials, or prior to each daily hoarding trfal.
Though 1 aboratory rats will hoard food without being food
deprived (Bindra, 1948) deprivation prior to trials facilitates the amount of hoarding (Morgan, Stellar & Johnson,
1943; Guerra, 1970).
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The majority of hoarding studies have used the alb·ino
laboratory rat.

Hoarding has also been experimentally or

natura"lly observed however, in a number of other animals
including the common squirrel, pack rat, and European
hams te r ( ~1o r g an , 1 9 4 7) , the go 1 den h a ms te r (Wad de 11 , 19 5 1 ;
Scelfo, 1969), mice (Hanosevitz, 1965), a vad ety of
California woodpecker (Stone, 1951) and human beings (Hunt,
1941; Schaffer & Martin, 1969).
Hoarding:

General Literature Review

For a complete

revie1~

of previous hoarding studies

refer to Morgan (1947), Marx (1950}, Munn (1950), Ross,
Smith & Woessner ( 1955), Bindra ( 1959), Guze (1958) and
Cofer & Appley (1965).

Summaries of representative studies

from the major areas of hoarding research are presented in
Table 1 •

--------·---

TABLE 1
A Summary of Major
Hoarding Studies and Results
General Area
Experiment
Metabolism
Stellar (1951)

Smith, Krawczun,
Wi sehaupt & Ross
(1954)
Lesions
Zubek ( 1951)

Stamm (1954a)

'

I

!

I

I :fl.

I

I 'I

'

II

In dependent Va ri ab 1 e
(Subjects)

Injection of thioracial,
thyroid glands removed, or
injection of thyroxine
(Rats)
Adrenal glands removed
(Hamsters)

No significant difference v1as
found in the amount of food
hoarding between controls and
a 1 te red rats .
Si gni fi cantly less food hoarding
in adrenalectimi zed hamsters as
compared to controls.

Lesi ens of the medial,
anterior or occipita1
cortex.
(Lashley strain rats)

Lesions of the cerebral cortex
produced a si gnifica.nt increase
in food hoarding over preoperative amounts. Ss operated on,
also hoarded mere than controls.
Reduced hoarding after lesions
of the me d i an cortex: No decrease with lesions of the
1 ate ra 1 cortex. Comparisons
were made between pre- and post
operative measures and controls.

Lesions of the median
or 1 ateral cortex
(Rats)

I

I

I 1!1

'I'

Res u 1 ts

I

w
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TABLE 1 ( Cont' d)
General Area
Expe ri men t . ·
Reinforcement
Marx (1951)

Marx (1957)

Aggression
Stamm (1955}

il.' 1111

'·)•'.·

I

:

;,

I

',I

Independent Variable
(Subjects)

Reinforcement under drive
conditions.
(Albino Rats)

Reinforcement under low
drive (food deprivation}
con di ti ons.
(Albino Rats)

A measure of aggressive
behavior was taken· prior
to hoarding trials.
(Blackhood rats)

Results

Rats allowed to keep and eat
hoarded pellets, hoarded
si gni fi cantly more than controls.
Marx (1951) uses the term
terminal reinforcement to
categorize this type of relationship.
Low drive terminal reinforcement
had no effect on hoarding. This
suggest that the drive condition
(food deprivation) must be
relatively strong for terminal
reinforcement to have an effect
on hoarding.
The rank order correlation
between amount of hoarding and
aggression was .067. No relationship between hoarding and
aggressiveness was indicated.

' :

,li/111
1

I
I

1
'

.,.

TABLE 1 (Cant' d)
General Area
Expert ment
E xp eri en ce
Holland (1954)

En vi ron mental
Waddell (1951)

Independent Variable
(Subjects)

Experimental group Ss had
Rats with previous hoarding
previous hoarding experience. expert ence hoarded si gni fi cantly
(Albino rats)
more than the no-experience
group.

McCleary &
Morgan (1946)

Illumination of hoarding
b i n and t i me of day of
hoarding trials.
(Golden Hamster)
Hoarding apparatus:
open vs. closed alleys in
relation to emotionality
of Ss.
(Hooded rats)
Temperature
(Rats)

Ross & Smith
(1953)

Temperature
( Mi ce)

Hess (1953)

',1' 'I :'i""
, ,

' 1'1,, ,,
,

:·!·II

I

, ,II,,,

i

Results

Hamsters hoarded more during
night testing and also hoarded
more when bins were illuminated.
No statistics were presented.
Shy rats hoarded more using
enclosed alleys: Non-shy rats
hoarded more using open alleys.
No statistical test of data
presented.
Reducing temperature to 13° C
i n d u ce d hoard i n g i n s at i ate d
rats (N=4).
Nice hoarded more with higher
temp era ture than with 1 ower.
Results are contrary to those
of McCleary & Morgan (1946).

'-"
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TABLE 1 (Cont'd)
General Area
Experiment
Characteristics of
the Hoarding
Materia 1
Lick 1 ide r &
Licklider (1950)

Ross, Smith &
Nienstedt (1955)
Guerra (1970)

Genetic Factors
Manosevitz (1965)

Manosevi tz &
Lindsey (1967)
Manose~itz (1967)

,/' I'

Independent Variable
(Subjects)

Preference test of hoarding
mate ri a l : a l umi n u m foil ,
peanuts peppermints, rat
chow.
(Hooded rats)
Preference; wooden blocks
vs. rat chow.
(Albino rats)
Preference: foil covered
p e 11 e ts vs . reg u1 a r rat
chow pellets under various
levels of food deprivation.
(A 1 b i no rats )
Manipulation of genetic
background.
(Mice) .

Resu1 ts

Indication that rats prefer foil
pellets to rat chow.
First
major study to point out stimulus
characteristics of the hoarding
materi a1 are important to the
onset of hoarding behavior.
No wooden blocks were hoarded
which further indicates rats
have hoarding material preferences.
Non-deprived rats hoarded significantly more foil covered pellets,
while deprived Ss hoarded
. significantly more regular
pellets.
The magn~tude to which mice will
hoard can be predicted and
determined through breeding of
high and low hoarding strains
of mice.

II

II

"

II

/.\/1//li/i ir I: I
'

"'

~~~~---~------~-~--~----

TABLE 1 (Cont' d)
Independent Variable
(Subjects).

General Area
Experiment
Stamm (1954b)

Age of Ss
Porter Webster &
Li ck1 i de r ( 1 9 51 )

Sex of Ss
McKe 1 vey &
Marx (1951)
Stamm (1955)
Manosevitz (1965)
Manosevitz (1970)
t4arx (1952)

"'I
I

I

Res u 1 ts

Three strains of rats were
compared on amount of hoard; n g.
~
(B 1 ackh oods, b rownhoods,
Irish rats).

Blackhoods started hoarding
sooner, hoarded si gni fi cantly
more and sustained the behavior
longer than brownhoods or Irish
strain rats.

Age of Ss was varied
(Rats) -

Results indicate that there is
a direct relationship between
age and amount of hoarding.
The older the rat the greater
the hoarding.

Ma 1 es vs. females in
regard to amount of
hoarding.
(Rats)
(Mice)
(Mice)
~lal

No significant difference.

"

"

"

"

"

"

es vs. females in
regard to amount of
hoarding.
(Rats)

Females hoarded si gni fi cantly
more than males.

I
'

I
I

....,

TABLE 1 (Cont' d)
-

General Area
Experiment
Marx (1957)

Manosevi tz (1968)
Ross ~ ~· (1955)
Hunt ( 1941)
Early Experience 1
Manosevitz (1968)

Manosevitz (1966}

Independent Variable
(Subjects)
Males vs. females in
regard to amount of
hoarding.
(Rats)
II
(Mi ce)
,,
(Rats }

,,

Res u 1 ts

Females hoarded si gni fi cantly
more than males.

II

Males hoarded si gni fi cantly
more than females.
II

co

Enriched environments
( Mi ce)

Neonatal irradiation
(Mice}

Hoarding was found to be facilitated among ma1e mice raised in
an enriched environment as compared to controls raised in
.regular lab cages.
Neonatal irradiation (X}
si gni fi cantiy reduced food
hoarding in mice.

1 A comparison of studies dealing with infantile food deprivation and its
effect on adult hoarding is given in Table 2.

'' '
I

I

I
I

I
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Infantile Food Depriva_tion and Hoardin__g_
Hunt (1941) found that albino rats maintained on a
food deprivation schedule from the 24th to 39th day of
age hoarded si gni fi cantly more food pellets as adults
than did rats not food-deprived in infancy.

In the same

study, Hunt also deprived a group from the 32nd to 47th
day of age, but their hoarding during adult tests did not
differ si gnifir.antly from that of the nondeprived control
group.

Adult testing in the study conformed to a before-

after design whereby all groups were first given hoarding
trials without being food deprived.

After the nondeprived

trials, all subjects experienced a period of adult food
deprivation and then were given hoarding tests again.

A

hoarding trial 1 as ted 30 min., during which each subject
had access to an alleyway attached to its· home cage.
Hoarding was defined as the act of transporting food pellets
from the alleyway to the home cage.

NondepY'ived laboratory

rats hoard very little or not at all (Holland, 1954; Hunt,
Schlosberg, Soloman & Stellar, 1947; Marx, 1952; McKelvey
& Marx, 1951) as was the case in Hunt's study.

Thus, the

difference in amount of hoarding between the experimental
group deprived from the 24th to 39th day of age

~nd

the

control group occurred on the second set of hoarding trials
when all the Ss were run food deprived as adults.

The

experimental format introduced by Hunt (1941} has become

----

10
the most common paradigm used in hoarding s·tudies dealing
with infantile food deprivation.
Hunt, Schlosberg, Soloman and Stellar (1947)

con~

ducted three replications of Hunt (1941}, the only variation
from the original experiment being the age at which adult
hoard·ing trials were given.

None of the replications yielded

a significant d-ifference behJeen infantile food deprived
groups and nondepri ved groups for the number of pellets
hoarded.

Hunt

~

2.1_. (1947), in interpreting their results,

multiplied the level of significance of all four

experiments~~

p <.02 (Hunt, 1941) and p <. 30, p <. 60, p <, 30 (Hunt et 2.}_.,
1947}--and concluded that rats deprived of food during
infancy hoarded si gni fi cantly more than controls at the
p<.00108 level over the four experiments.

Hunt felt this

was a legitimate statistical procedure on the assumption
that each experiment was an independent event and therefore
the obtained level of significance for each could be multiplied.

McKelvey and Marx (1951) have questioned this

procedure on the basis that it is i"llegitimate and has no
sound rationale.

McKelvey and Marx (1951) state,

. . if the experiments are considered as separate
events the proper probability for each one is
.
p=0.5 since on a chance basis there is one out of
two chances that any given experiment will support
the hypothesis. Therefore, the extremely high
confidence level calculated by Hunt cannot be
accepted [p. 423].
The contention that 0.5 is the probability at which an

ex~

periment will support a particular hypothesis seems itself

11

questionable.
The illegitimacy of Hunt's procedure would more
appropriately be questioned on the basis of his interpretation of the probability of .00108.

If one assumes that

th• experiments are independent events, then .00108 is not
the significance level at which rats deprived during infancy
hoarded more pellets

th~n

controls, but rather the proba-

bility of getting exactly those results in that exact order
in those four experiments.
tions (Hunt et

~-,

Therefore, the three 'replica-

1947) cannot be accepted as supporting

the hypothesis that rats food deprived during infancy
hoard more food pellets as adults than controls not food
deprived during the same age period.
McKelvey and Marx (1951) and Marx (1952) conducted
replications of Hunt (1941) which showed no difference in
the amount of hoarding between rats food deprived and those
not deprived during infancy.

Other studies that have found

no significant difference in hoarding between deprived and
nondeprived groups are Shaffer (1968) and Manosevitz (1970).
Studies that have found a significant difference between
infantile food deprived and nondeprived rats are Albino
and Long (1951), Seitz (1954), Guze (1958) and Miki-(1965)
(See Table 2.).

In the Albino and Long study the difference

between groups appeared on the first three hoarding trials.
Thereafter, for the next ten trials, there was no
cant difference.

signifi~

A separate data analysis was performed on

TABLE 2
Summary of Studies:
The Effects of Infantile Food Deprivation on Adult Hoarding
Subjects

Experiment

Albino Rats

Hunt {1941)
Hunt et 2}_. ( 1947)
~1cKelvey &

Marx (1951)

Albino & Long (1951)
Narx (1952}
Seitz (1954)
Guze (1958)
Miki (1965)
Shaffer (1968)
Manosevi tz ( 1970)

"

II

II

11

Age in Days Period During
Age At Adult
Which Ss \1ere Food Deprived .Testing in Days
Group I
24-39

Group II
32-47

170

Results*
Sign. Di ff.
Group I Only

20-35
21-39

91,112,190
130

II

24-36

108

Sign. Di ff.

"

11

29-38

"

II

No Di ff.
Sign. Diff.

II

11

01

II

II

01

1-21**
7-21
20-35
24-38
22-102

248
60,270
120

,,

Mice

***
147
105

No Diff.
No Diff.

Sign. Diff.
Sign. Diff.
. No Di ff.
No Diff.

------~·

*Results:

Sign. Diff. indicates rats food deprived in infancy hoarded significantly more than
nondeprived controls when tested as adults after a period of adult food deprivation.
No Diff. indicates no difference was found in amount of hoarding between rats
experiencing infantile food deprivation and contra ls.

**Litter size was used to regulate the amount of food deprivation (N=6, N=12).
***Indicates information was not specified in source.

'•II

I

I

~

N
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the first three trials from which it was co·ncluded that the
results of their study were in support of Hunt (1941).
However, although the results do indicate that rats deprived
in infancy hoard more than rats not food deprived in infancy,
the effect appears to be less permanent than that of Hunt's
study.
By far the most definitive difference in amount of
hoarding between rats food deprived in infancy and nondeprived rats was found by Seitz (1954).

Other than Guze

(1958), Seitz (1954) is the only study to utilize preweaning
food deprivation instead of postweaning.

According to his

findings the deprived group hoarded significantly more than
the nondeprived control group.

However, beginning with

the difference in period of food deprivation, several
difficulties arise in attempting to compare these results
with those of other studies.

Also, Seitz (1954) has con-

founded the variables of litter size and infantile food
deprivation:

the infantile deprivation group was defined

as rats in a large litter (N=l2) on the assumption that the
pups in a large litter would be in a greater state of food
deprivation than rat pups raised in a small litter (N=6).
This obvious confounding is due to the fact that litter
size has been shown to have an effect on emotional reactivizy
in rats (Carlson, 1961; Denenberg, 1963; Amsel & Penick,
1962) which in turn has been shown to have an effect on
hoarding (Hess, 1953; Smith & Powell, 1955).

Another

14
problem in interpreting Seitz 1 s results lies in his
operational definition of hoarding and his procedure for
hoarding trials:
of the

~s

Seitz attached food bins to the home cages

and counted the number of pellets hauled from the

bins into the cages in 24 hrs.

The standard procedure is

to attach an alleyway through which the rat may travel to
a pile or bin of food pellets.

Furthermore, most studies

employ only 20 to 30 min. hoarding trials rather than 24 hrs.
Three important problems arise as the studies of
infantile food deprivation and hoarding are reviewed.

These

are of concern since any comparison of results between
studies must be taken in light of these procedural
tancies.

inconsis~

First, the type of infantile food deprivation is

not consistant between studies.

Infantile food deprivation

has been defined as group feeli-ngs once a day, 1/2 hr. wet
mash feedings twice a day, 10 min. group feedings at

irregu~

1 ar intervals or complete absence of food for arbitrary
lengths of time.

The same problem arises in regards to

defining adults food deprivation prior to hoarding trials.
In some studies it is difficult to ascertain whether

~s

were run food deprived each hoarding trial or were deprived
of food prior to only the first, in a set of trials.

A

third source of variation between studies is the age period
during which infantile food deprivation is manipulated.
All the studies except Seitz (1954) and Guze (1958) have
involved postweaning food deprivation but have used

~he

term

15

'infantile' to denote the developmental period.

This is,

a poor descl'iption since preweaning experience is usually
considered the infantile period for the rat in developmental
research (Denenberg, 1968; Levine, 1962).
Overlooking the gross dissimilarity between studies
it appears there is an even split between the number of
supportive and nonsupportive studies for the hypothesis that
early food deprivation (post or preweaning) significantly
increases adult hoarding of food when the subjects are given
hoarding trials subsequent to a peri oct of adult food depri vation.

All the studies except Mahosevitz (1970) have used

albino rats, which have yet to be compared to other types
of rats in terms of their genetic predisposition for
hoarding.

Further, no studies have compared the va1·ious

strains of albinos (Wistar, Sprague-Dawle.y, etc.) in regard
to hoarding.

Since Manosevitz (1965, 1967), and Manosevitz

& Lindzey (1967) have demonstrated a genetic predisposition

for the magnitude to which inbred strains of mice will
hoard, part of the differences in results between various
hoarding studies could be due to the inability of certain
strains of albino rats to react to the infantile experience,
or to differing genetic predominances for hoarding as adults.
Of course, variation in results may also be due to procedural difference in the types of infantile and adult
deprivation used.

16
The effects of early food deprivation, unrelated to
hoarding behavior, have been studied by Renner (1966, 1967).
He found that Sprague-Dawley rats experiencing early post··
weaning food deprivation exhibited faster acquisition of a
position response and greater utility for food rewards, as
demonstrated by the amount of shock Ss would take to obtain
these rewards.

These results can be interpreted in terms

of a combination effect of early experience food depr-ivation
and later adult deprivation.

Renner Cl967} refers to this

apparent combination of effects over time as temporal
integration.
Renne r 1 s s t u d i e s are o f p art i c u1 a r i n te res t he re
because of their implications for interpreting possible
effects of early food deprivation on adult hoarding behavior.
In line with his findings, if the effects of early food
deprivation combine with those of adult food deprivation,
than infantile food deprived rats can be expected to hoard
significantly more than controls not experiencing the ear:ly
food deprivation.

This expectation is based on findings

which indicate that the greater the amount of food depri va~'
tion, the higher the frequency of the hoarding response
(Guerra, 1970; Holland, 1954).

Obviously, the infantile

food deprived groups have been subjected to greater

over-~1

deprivation than the controls prior to hoarding trials.
Since no significant differences have been found between
infantile food deprived groups and nondeprived groups tested

17

prior to adult deprivation, it appears that the effects of
early food deprivation alone are not sufficient to initiate
sustained food hoarding without the addition of the effects

of adult food deprivation.

--·---

CHAPTER II
STATEMENT OF THE PROBLEM AND METHOD
The purpose of this study was to investigate the
relationship between the amount of preweaning infantile food
deprivation and rats hoarding behavior as adults, when tested
after a peri o d of ad u 1 t food de p ri vat i on .
Conceptual Hypothesis
The conceptual hypothesis states that the ef":'ects of
preweaning infantile food deprivation and the effects of
adult food deprivation are additive in determining the
frequency at which adult rats will hoard food.

The internal

stimuli related to the initiation of the food hoarding
response are cumulative over time, and the greater the
experience and effect of food deprivation prior to weaning,
the greater the adult hoarding response should be.
·

Pre1~eaning

infantile food deprivation was defined

as removal of food and food sources for specified periods
prior to weaning.

Hoarding was defined as the act of

transporting food from one area to another by rats

~1ho

were

satiated or had the opportunity for satiation U1owrer, 1961~

18
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Indepen_<j_!?,.!!l.....§_nd

D0,_eenden~

Var·i abl es

There were three independent variables:
food depri vat·ion, l·itter and sex.

infantile

There were three levels

of the infantile food deprivation variable.

Each of the

three groups vias exposed to a different level of food
deprivation, GroLIP I received no infant-ile food deprivation,
Group II was food deprived five hours daily for a total of
50 hrs., and Group III was food deprived for ten hrs. daily

for a total of 100 hrs. of preweaning food deprivation.
There were six levels of the litter variable.

Each

of the three deprivation groups (I, II, III) contained two
Ss from each of the six litters.

There were two 1 evels of

the sex variable (male and female).
The dependent variable v1as the number of pellets
hoarded by each subject during a 30 min. trial.

Each sub-

ject was gi-ven eight hoarding trials (one trial per day for
eight consecutive days).
h~i

mental H.,zpothesis
The experimental hypothesis was as follows:

There

wi 11 be a linear rel ati onshi p between the amount of food
deprivation given to rats prior to weaning and the number
of pellets hoarded as adults,

It was hypothesized that

Group III (100 hrs. of preweaning food deprivation} would
hoard significantly more food pellets than Group II (50 hrs.
of p·reweaning food depr-ivation), and that Group ll would

20

hoard significantly more food pellets than Group l (O
of preweaning food deprivation}.
~1ETHO

D

Subjects
Ss were 36
18 females).
parturation

Long~Evans

black hooded arts (18 males and

Thirteen Long-Evans female hooded rats near
1~ere

placed in individual Carworth 19.5 x 11.895

x 5. 75 in. wire topped fiberg·l ass cages and all owed to drop
their litters.

The first.six acceptable litters to drop

were des i gn ate d

~1oth e r

and Li t te r

r,

II , I II , I V, V an d VI.

A 1 i t te r was cons i de red accept ab 1 e i f i t had at 1e as t three
males and three females.

The first three acceptable litters.

dropped Hithin a 24 hour period with the next three litters
drop pi n g wit h i n a 2 4 hour p e ri o d one c a 1en dar d ay a f te r th e
first set O·f three acceptable litters.
A split litter (cross-fostered) technique was used
(Ross, Ginsburg

r,

Denenberg, 1957) whereby each mother was

given one randomly chosen male or female from each of the
other litters, including one male or one female from her owr\
litter to nurse.

The si;l:e of the cross-fostered litters

were therefore equal with six pups (three: males and three
females} in· each litter.

.§_s were assigned to cross-fostered

litters at two days of age.
Two cross-fostered litters were then randomly designated as Group I (control), two as Group II (50
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deprivation), and two as Group III (100 hrs·. deprivation).
At the t·ime of assignment to

cross~'fostered

litters, using

the method described by Geller and Geller (1966), Ss were
foot marked by original litter.
Design
The three groups(Gr·oup I, II, and III) contained
12 Ss each (six males and six females).

Each group was

exposed to a different level of preweaning food deprivation.
The three levels of the deprivation variable were combined
with the two levels of the sex variable in a 3 x 2 factorial
design.

Each of the groups in the factorial design contained

oneS from each of the original six litters.

Therefore,

the basic design was a randomized blocks factorial replicated
s i x t i me s ( RB F 32 . 6 ; Ki rk , 1 9 6 9) .
A measure of the dependent variable (hoarding) ~las
taken for each S for eight consecutive days.

Thus with the

addition of repeated measures the design was a combination
of a randomized blocks factorial design and a split plot
factorial design.
Apparatus
The hoarding apparatus consisted of 18 x 6 x·6 in.
alleyways made of 1/2 in. wire mesh.

The alleys were

connected to the home cages during 30 min. test periods.
The home cages were made of wood 12 x 6 x 6 in. with 1/2 in.
wire mesh at one end and on the bottom of the cage.

The
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cages were equipped with swinging doors to ·allow connection
of the alleyways during hoarding trials.

Cages were con¥

structed in four banks of nine individual cages each.
Procedure
After six acceptable litters had dropped they were
assigned to cross-fostered litters as previously described.
is and mothers were left undisturbed until the rat pups
were 10 days of age.

At 10 days of age litters in Groups II

and III started 10 consecutive days of food deprivation.

A

day of deprivation consisted of removing the mothers and
food from Groups II and III for five and ten hours a day,
respectively.

Thus Group II received a total of 50 hours·

of infantile food deprivation over 10 days, while Group III
received 100 hours of infantile food deprivation over the
s arne period.

Group I, the control, received no infantile

food deprivation and was allowed to feed 22_ lib.
During food deprivation each mother in Group II and
III was removed and replaced by a dry nurse female rat of

approximately the same age and weight as the real mother.
A dry nurse was defined as a female rat that was not lactating.

The removed mothers were housed individual]y in

holding cages during the deprivation periods.

Removal of

the mothers was assumed to have no effect other than the
instigation food deprivation, since previous studies have
.failed to find any effect of removing the mother from her
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pups for up t.o 12 hours a day, using a variety of adult
behavior measures (Du Preez, 1964; Levine, 1959; Schaefer,
1957; Hunt & Otis, 1955}.
Ad lib food and water were available in the hal ding
cages.

All food was removed from the experimental groups'

cages (Groups II and III) for the five or ten hour periods
of depr·ivation and replaced at the end of deprivation.

The

two mothers in Group I (control) were picked up momentarily
to control for handling of the mothers and to equalize the
disburbance to the l'itters.

At the end of the respective

deprivation peri ads (5 and 10 hours) the mothers from Groups
II and III were returned to their respective litters.

The

control group mothers were again pi eked up momentarily ..
The dry nurses were removed from the litters just prior to
replacing the mothers from Groups II and III.
All ·ss were weighed prior to deprivation at 10 days
of age and again at the end of deprivation at 20 days of
age.

After weighing, at 20 days of age, all Ss were left

undisturbed and

given~

25 days of age.

All Ss

lib food and water until they were

~Jere

weaned at 25 days of age and

then assigned to individual home cages and left undisturbed
un ti 1 they were 90 days of age.
w.ere weighed.

At 90 days of 'age,

At 91 days of age all Ss were food deprived

for 36 hours, at the end of which they were given
food.

~s

~

lib

One hour after the end of adult food deprivation,

hoarding tests were begun.
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Hoarding trials consisted of connecting the alleyways
to the i ndi vi dual home cages and all owing the Ss access to
the alleys and the food pellets deposited at the end of the
alleys.

Four Ss were run every half hour until all 36 Ss

had been given a trial.

One hundred and fifty (6 gr. Purina

Lab Chov1 pellets} v1ere placed at the end of each alley.
Four ~s were run simultaneously with each ~s alley shielded

I

from the others by a partition.

J

30 min. hoarding trial for eight consecutive days.

Ea.ch

~

1·1as given a daily
Ss

only food deprived prior to the fil'St hoarding trial.

1~ere

At

the end of each trial hoarded pellets we_re removed from the
home ca.ge of each S.

Illumination during hoarding trials

was provided by an overhead

I

fl~orescent

fixture.

Ss were

kept on a 12:12 day/night cycle from 8:00 A.M. to 8:00 P.M.

j

I

----

·=--
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CHAPTER III
RESULTS
Analysis of Hoarding Data
The raw hoarding scores are presented in Appendix A
It is apparent that the distribution of the raw scores is
highly skewed, with a large number of zero scores.

E~ror

variances of the three deprivation groups (100 hrs., 50 hrs.
and 0 hr. of preweaning food deprivation) were tested for
homogeneity and were found to be ir[homogeneous (f. max=4.03,
h_=3, df_=95, p_<.Ol).

Therefore a X'=Log(X+10) transformation

was performed on the raw data in an attempt to achieve
homogeneity of error variances and to normalize the distribution of hoarding scores.

Homogeneity of error variance

was not achieved with the transformation (f. max=2.159, h_=3,
p_<0.5) and the distribution of transformed scores was still
somewhat skewed.

However, since analysis of variance is

robust with regard to the violation of the assumptions
(Boneau, 1960; Kirk, 1969), it was felt performing an ANOVA

-

on the raw scores might still provide some 'insight into
the relationships between the variables manipulated without
seriously increasing the chance of Type I error.

There-

fore a 3 x 2 x 6 x 8 (Infantile food deprivation x Sex x
Litter x Trials) analysis of variance was performed on the
25
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raw scores.

(See Appendix B.)

The main effects of infantile

food deprivation (designated Deprivation (D) in the ANOVA
table) was not significant (£=2.06, £f=2/20, £>0.5}.

A

pooled error term was used combining the within subjects
interactions.

It was first assumed however, that the error

variance attributed to the D x S x L (Deprivation x Sex x
Litter) interaction was close to zero and this interaction
was used as the error term to test the double interactions
(D x S, S x L, D x L).

Alpha was arbitrarily set at .25

to test whether these interactions had error variances
attributed to them significantly different from zero.
Therefore the D x L interaction was pooled with the D x S
x L interaction to provide a pooled error term with a mean
square of 396.22 and 20 degrees of freedom.
error term was used to test

th~

The pooled

significance of the main

effects of Deprivation, Sex and Litter.
No

supp~rt

was indicated from the analysis of variance

that rats deprived of food prior to weaning hoard signftr=
cantly more food than rats not experiencing food deprivation
prior to weaning.

The mean data however does indicate that

there may be an effect (thought not statistically significant)
in the direction predicted with the TOO hour group hoarding
an average of 11.11 pellets per trial, the 50 hour group
hoarding 6.18 pellets per trial and the 0 hour group hoarding
5.95 pellets per trial.

The means, standard deviations, and

total number of pellets hoarded are presented in Tables 3, 4, 5
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and 6 for the variables of deprivation, sex, litter and
trials.
The main effects of Litter and Sex were not significant

(f.~2.49,

.9_f=5/20, p_>.05; £=3.74, df=l/20, p_>.05).

There was a significant trials effect (f.=6.97, df=7/175,
p_<.Ol) with subjects hoarding very little on the first
three trials with hoarding increasing to an asymptote by
trial six.
None of the within subject or between subject
interactions were significant.

TABLE 3
Summary of Means, Standard Deviations and
Total Number of Pellets Hoarded by Groups

GROUP

I - 0 Hr.

X

5.95

6. 18

11.11

11.57

9.44

18.96

5 71

593

1067

S.D.
Total #pellets

II - 50 hrs.

III - 100 hrs.

.-.--.-
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TABLE 4
Summary of MeanS, Standard Deviations and
Total Number of Pellets Hoarded by Male
and Female Rats
Males

Fema 1 es

x

5.48

10. 01

S.D.

9.38

1 7. 33

789

1442

Total #pellets

TABLE 5

j

Summary of MeaNS, Standard Deviations and
Total Number of Pellets Hoarded by Litters
Litter #

1

2

3

4

X

4.54

6.17

13.08

13.46

2.44

6. 79

S. D.

8.64

7.96

21.06

19.44

3.65

10.12

218

296

628

646

117

326

Total # pellets

·5

6

TABLE 6
Summary of Means, Standard Deviations and
Total Number of Pellets Hoarded Per Trial
Trial #

S.D.
Total #pellets

56

1

2

3

4

7

8

1.17

2.44

3.78

8.78

10.86

13.25

8.58

13.11

2.32

3.37

5.23 11.38

19.53

20.31

9.71

20.11

42

88

391

477

309

472

29

Since the experimental hypothesis was stated in terms
of a trend, a trend test was performed on the raw scores
using the infantile food deprivation variable.
dix C.)

(See Appen-

The linear trend was not significant (f=3.22,

df=l/20, E_>.05) which was to be expected since the main
effects of the deprivation variable was also not significant.
Thus no support was indicated for the experimental hypothesis
which stated there would be a linear trend between the amount
of food deprivation rats experienced prior to weaning and the
amount of food they hoarded as adults, with the greater the
food deprivation prior to weaning the greater the hoarding
as adults.
Analysis of Body Weight Data
As a procedural check a measure of body weight was
taken for each S at 10 days of age, 20 days of age and at
87 days of age.

Weights were taken to verify that:

at 10

days of age the three groups of rat pups where equal in
weight; at 20 days of age removal of mothers for 5 or 10
hours daily did have a food depriving effect on the pups
as measured by the weight of deprived pups relative to the
control; at 87 days of age to verify that any difference
in body weight between groups where minimal so that adult
food deprivation would have relatively the same effect on
a 11 Ss .

Body Weight - (Ten days of age)
All subjects were weighed at 10 days of age prior
to the onset of infantile food deprivation.

A 2 x 3 analysis

of variance was performed on the raw weight scores using the
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variables of sex and group assignment (Group I. l!, III).
(See Appendix E)

There was a significant weight difference

between groups ([=3.91, _df=2/30, 2_<.05),
the groups were:

Mean weights for

Group I, X=l9.04, 5=4.80; Group II,

X=23.0, S=l.46; and Group III, X=21.79, S=l.69,
Tukeys

~posteriori

Using

test for the difference among means

Group II and Ill both wei ghed·si gni fi cantly more than Group
I (g_;5,4, _df=30, 2_~.01; g_=3.78, .![=30, 2_~.05).
The si gni fi cant difference was felt to be due to the
fact that one of the two cross-fostered litters making up
the control group (Group I} was consistantly 7 to 8 gr.
below the mean wei:ght of all the Ss.

The foster mother of

that cross-fostered litter was observed to be very underweight and showed less observable maternal behavior (e.g.,
suckling, nest arranging, and retrieving} than the other
foster mothers.

It was therefore inferred that the mother

was not healthy and should be replaced.

An extra, lactating

foster mother was exchanged with the underweight mother in
an attempt to equalize the weights of the litters.

The new

mother was observed to be a good mother and was. accepted
readily by the pups.

Fortunately it was the intended control

grot.lp (Group I) that was underweight at 10 days of age thus
making the experiment a conservative test of the experimental
hypothesis by making it apparently more di ffi cult to obtain
the desired difference in hoarding behavior between the food
deprived groups and the control. groups.
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Body Weight (Twenty days of age}
All

is

were weighed at twenty days of age, Groups II

and III having just completed 10 days of infantile food
deprivation with Group I, the control, receiving no food
deprivation.

A 2 x 3 analysis of variance was performed on

the raw weight scores,

(See Appendix F) using the variables

of sex and level of infantile food deprivation.

There was

a significant sex difference with males weighing

signifi~

cantly more than females (£.=5.00, if.=2/30, E.<.05).

There

was a significant treatment effect (£.=5.73, df=2/30, P.c<.Ol)
with both Group I and Group II weighing si gni fi cantly more
than Group I I I.

Nean weights for the groups were:

Group I ,

X=41.10, S=3,g6; Group II , X= 40 • 10 , S=2 • 2 7 ; Group I I I ,
X=37.20, $=2.34.

Therefore it

11 as

concluded that the

procedure of removing the mothers from the litters did have
an effect at least on the 100 hour group (Group III} as
measured by body weight.
A comparison of mean weights by groups prior to
deprivation at ten days of age and at the end of deprivation
at 20 days of age is shown in Table 7.

The percentage of

weight increase and mean weight increase is also given.
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TABLE 7
Comparison of Body Weight Neans for
Group I, II, II I at Ten and Twenty Days of Age

Group
Hrs. of Dep ri vati on

I

II

0

III

50

100

10 Days of age

19.0 4

2 3. 00 .

21. 79

20 Days of age

41 • 10

40.10

37.20

115.90%

74.40%

70.70%

22.06

1 7. 10

1 5. 41

%weight increase
Mean weight increase

Body Weight (S7 Days of age)
After 67 days of ad lib food and water all Ss were
weighed at 87 days of age.

A 2 x 3 (Infantile food depri-

vation X Sex) analysis of variance was performed on the raw
weight scores.

(See Appendix G)

Males weighed significantly

more than females (£.=80.76, if.=l/30, £_<.01).
no si gni fi cant difference in weight between

There was
~s

experiencing

infantile food deprivation and those not experiencing
deprivation.

Therefore it was assumed that the effects of

adult food deprivation would be equal across groups.

---

·--

--- -
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CHAPTER IV
DISCUSSION OF THE RESULTS
In general the results of the statistical analysis
of the data do not support the hypothesis that rats food
deprived prior to weaning would hoard more food as adults
than rats not food deprived prior to weaning.
One procedural di ffi cul ty which might have effected
the results was the underweight condition of one of the
control group 1itters at ten days of age.

Si nee the control

group was significantly underweight compared to the other
groups it is conceivable that this produced the same effect
as intentionally food depriving the experimental groups,
thus possibly

obscu~ing

the effects of intentional infantile

food deprivation especially between the control and 50 hour
group.
The highly variable nature of the raw hoarding data
both within subjects and between subjects can be seen as a
major obstacle in demonstrating a treatment effect.

The

variability in hoarding scores can be attributable to several
factors.

First, very little hoarding by any of the groups

took place on the first three trials.

This is somewhat

unusual since all the Ss had been .food deprived for 36 hours
which is usually sufficient to initiate sustained hoarding.
33
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A possible explanation is that the Ss were emotionally
unstable for the first three trials thus interferring with
any sustained hoarding.
This could have been due to the rats being unfamiliar
with the hoarding apparatus and thus highly emotional.
Emotionality and unfamiliarity could have been minimized
by allowing the subjects several familiarization trials
prior to the hoarding trials.
Another source of variability was between litters.
Thought not statistically significant there were large mean
differences between 1itters.

Since the mothers of the

subjects were assumed to be from a homogeneous population
large litter differences would not necessarily be expected;
however, it is possible some litters had parents.who were
'hoarders' as opposed to litters from 'non hoarding' parents.
This would be in line with Manosevitz's (1965) finding
that the amount mice will hoard can be predicted from the
hoarding scores of the parents.

Control of variability

between litters might be accomplished by selectively breeding
for 'hoarders'.
Another method for controlling unwanted variability
within subjects would be to set an arbitrary criterion
(e.g., a rat must hoard at least two pellets per trial)
defining the minimum amount a subject can hoard in order
to be considered in the data analysis.

35

In addition to the problem of variability the
analysis of variance had to be performed with only one
subject per cell.

This was due to the prohibitive size

of normal 1i tters.

Thus no within cell error term was

available for the analysis and the highest order interactions had to be used as error terms.

This could have

been avoided by having only two treatment groups in the
experiment and using litters containing at least four
males and four females.

Thus each cell in the design

would contain two subjects.
An alternative design which would eliminate the
cell size problem and variability between litters, would
be a factorial design with at least 10 litters per treatment
level.

Thus the effect any one litter might have on the

treatment results would be minimized.

Also since litters

would be randomly assigned to groups the homogeneity of
treatment groups could be assumed as well.
Irregardless of the specific problems encountered
in attempting to demonstrated any effect of preweaning
food deprivation on hoarding, it is still felt that the
experimental. hypothesis is a viable statement:of the relationship between preweaning infantile food deprivation and
hoarding and therefore should be considered for future
investigations.

,.~

SUMMARY
The effect of preweaning infantile food deprivation
on hoarding by adult rats was investigated.

There vtas no

statistically significant differences between groups food
dep ri ve d prior to we ani n g and the con t ro 1 in terms of the
number of food pellets hoarded during eight hoarc!ing trials.
Hoarding trials were given when the
of age.

~s

had reached 90 days

Hoarding trials were preceeded by 36 hours of food

dep ri vati on.

There was a great deal of variability in amount

of hoarding within groups and within subjects some of which
was do to litter differences.

The group experiencing 100

hours of preweaning food deprivation hoarded by far the most,
hoarding 1067 pellets, while the 50 hour group hoarded a
total of 593 pellets and the 0 hour group 571.
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APPENDlX A
Raw Hoarding Data

Trials
1

2

3

4

5

6

7·

8 .J:Trials

- -

·--

L1**
l.2

s1***
.
s2

0

0

1

3

1
1

5

3

20

0

0

9

4
0
11

6

3
3
8

3

5
0
2

4

13
11
5
1

26
58
14
24

4
7
0
1
0
7

1
5
14
10
1
2

3
5
19
7
8
6

0
0
21
1
17
1

2
13
58
3
9
3

1
8
39
1
3
6

22
85
0
6
7

24
61
242
23
44
34

0
6
0
0
3
1

0
0
0
0
3
1

0
12
0
34

0
39
0
33
1
1

0

0
20
0
23
2
2

2
28
4
23
10
0

2
150
4
134
37
8

0
0

0
0
16

8
0
11
18
3
1

19
3
12
13

15
0
15
10
5
13

60
3

0

0

0

4
0
1

2
1

2

M* L3
L4
L5
L6

$3
$4
$5
56

Ll
L2
F* L3

2
1
6
0

L6

57
58
59
$10
511
s,2

Ll
L2
M L3
L4
L5
L6

513
514
515
. 516
517
518

0
1
0
0

Ll
L2
F L3
L4
L5
L6

519
520
521
522
523
524

0
0
1
1
0
0

0
0

13
0
1

0
15
0

0
0

0

1

2

- - --

0 hrs.

L4

Ls

0

2

0
0

9

0

44
0
21
9

3

11

50 hrs.

11

1
0
1

11

0
6

13
0

5
0

1

5

3

22
3

1
2

5

2
2

72

79
14
30

--------

-·-

---
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APPENDIX A (Cont'd)
Tri a 1 s

Ll
L2
M

L3
L4
Ls
L6

6 .

7 .. 8 · · £Trials

2

3

5 2s 0
5
0
26
5
21 12
5 28 0
5
0
29
5
30 4

0

0
3
0
13
0
0

0
0
0
4
8· 8
18 10
1
0
46
32

0
3
2
13
0
23

0
0
4
15
1
29

0
0
10
20
0
21

0
11
50
93
2
155.

11

33

32

8

5

3
2
0
1
13

4
3 13
25
38 100
24 100
32
0
1
0
2 14 32

17
27

7
39
87
1
-7

131
51
234
259
6
75

1
6
4
0
0

4

5

1

100 hrs.

F

Ll
L2
L3
L4
Ls
L6

s 31
s 32
5

33
s 34
5
35
5
36

0
2
1
0
2
2

9
2
2
3
1
1

33

*t~ denotes male Ss; F denotes female Ss
**L denotes original litter
***S denotes subject

13
0
4

----

- - -----

- - -
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APPENDIX B
ANOVA Summary For Raw Hoarding Scores
Source

Sum of Sq.

df

Mean Sg.

E(MS)

F

1)

Deprivation (D)

1,636.03

2

818.01

2.06

2
oE2 + qruno D
(1)

2)

Sex

(S)

1,480.59

1

1,480.59

3.74

o~

3)

Litter

(L)

4,942.59

5

988.51

2.49

o~ + pqrnoL(l)

4)

DXS

1,490.02

2

745.01

2.16

8 2 + quno 2
E

OS

5)

D XL

4,468.30

10

446.83

1.29

82
E

2
+ qrno DL

6)

S XL

4,280.36

5

856.07

2.44

8 2 + pqno 2

7)

D XS XL

3,456.23

10

345.62

8)

Trials

5,676.80

7

810.97

6.97* o~ + pruno.y(2)

9)

D XT

1,733.03

14

123.79

1.06

2
(2)
oE2 + rno DT

10)

T XS

1,189.71

7

169.95

1.46

o~ + punol-s(2)

11)

T XL

3,615.27

35

103.29

12)

DXT XS

2,685.15

14

191.79

1. 71

o~ + unoDTS

13)

D XT X L

8,210.98

70

117.30

1.04

o~ + rnoDTL

14)

T XS XL

4,303.18

35

122.94

1.09

a~ + pnoTsL

15)

D XT XS XL

7,826.26

_1Q.

111 .80

56,994.50

287

TOTAL

*

(T)

E

+ pquno5(1)

SL

o~ + qnoosL

o~ + prnoTL(2)

8

~ + noDTSL

p<.Ol
(1)

(2)

Pooled ~15=396.22, df=20
Pooled MS=l16.23, df=175
c
~~-

=-------:-~--

-------------
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APPENDIX C
Summary of Trend Test
Sum of &

df

Mean Sq.

Treatment

1 ,636.03

2

818.01

2.06 NS

Linear Trend

1,281.33

1

1,281.33

3.22 NS

354.70

1

354.70

7,924.53

20

Source

Quadratic Trend
Pooled Error Term

F

~---
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APPENDIX D
ANOVA Summary For Weight Data
(10 days of age)
Source

Sum of Sg.

df

Me an Sq.

£.

Sex

(S)

9,00

1

9.00

Group

(G)

7 8. 00

2

39.00

3. 91 *

22.39

2

11 . 19

1. 12

298.84

30

9.96

40 8. 2 3

35

s

X

Wi

thin Ce 11

G

Total
*p<.05

APPENDIX E
AN OVA Summary For Weight Data
(20 days of age)
an Sq.

£.

1

39.06

5. 00 **

89. 74

2

44.87

5.74*

24.03

2

12.01

1. 53

Within Cell

234.36

30

7. 81

Total

387.19

35

Sum of Sq.

df

(S)

39.06

Deprivation (D)

s

Source
Sex

X

T

**p<.Ol
*p<.05

~1e

----
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APPENDJX F
ANOVA Summary For Height Data
(87 days of age)
Me an Sg.

I

Sum of Sq ·-

df

(S)

133346.70

1

133346.70

Deprivation (D)

10809.72

2

5404.86

3.27

5705.72

2

2852.86

1. 73

'49535.50

30

1651.18

199397.64

35

Source
SeX

S

X

D

Within Cell
Total

*p <. 01

80. 76 *

